Normal inclividuals breathing pure oxygen obtain full saturation of their hemoglobin, whereas those with right to left shunts do not. Oxygen hemoglobin dissociation curves indicate that increases to full oxygen saturation of hemoglobin are accompanied by marked increases of the oxygen tension. WVhen breathing oxygen fails to produce full saturation, relatively little change in oxygen tension occurs. When the cutaneous circulation is rapid, changes in skin oxygen tension have been shown to vary directly with changes in blood oxygen tension. Taking advantage of these facts the authors have described a method of detecting significant right to left shunts by polarographic measurements of skin oxygen tension.
Normal inclividuals breathing pure oxygen obtain full saturation of their hemoglobin, whereas those with right to left shunts do not. Oxygen hemoglobin dissociation curves indicate that increases to full oxygen saturation of hemoglobin are accompanied by marked increases of the oxygen tension. WVhen breathing oxygen fails to produce full saturation, relatively little change in oxygen tension occurs. When the cutaneous circulation is rapid, changes in skin oxygen tension have been shown to vary directly with changes in blood oxygen tension. Taking advantage of these facts the authors have described a method of detecting significant right to left shunts by polarographic measurements of skin oxygen tension.
IT HAS long been known that right to left shunts lower the arterial oxygen saturation. The essential factors involved in this phenomenon were presented in the Lundsgaard and Van Slyke monograph of 1923.1 More recently, certain technics such as the exercise test' 3 and the test utilizing inhalation of 100 per cent oxygen'-' have been employed in the detection of right to left shunts. In the presence of such shunts, these tests demonstrate changes in the arterial oxygen saturation that are considered diagnostic. The changes in arterial oxygen saturation have been measured either by chemical analysis of arterial blood samples or by use of the oximeter.6-8 When the oximeter is used, the necessity for repeated arterial sampling is eliminated, although an initial arterial sample must be analysed to permit standardization of the instrument.
The oxygen inhalation test for the recognition of right to left shunts is based on the failure of patients with such shunts to achieve full arterial oxygen saturation in contrast to nonshunt patients who develop 100 tion.4 5 The nature of the oxygen dissociation curve9' 10 is such that the increase to 100 per cent oxygen saturation occurring in nonshunt patients, when they inhale oxygen, often involves only a small change in oxygen saturation. For the same degree of change on the curve, oxygen tension measurements would show greater differences. The polarographic method permits estimation of changes in arterial oxygen tension by measurements of oxygen tension in skin having a fast circulation."I Therefore, studies were conducted using the polarographic technic to measure the effect of oxygen inhalation on the skin oxygen tension of patients with and without right to left shunts. METHODS
The polarographic method for measuring oxygen tension of skin has been described in detail.l In the present study, however, no attempt is made to convert leadings to absolute values of oxygen tension in millimeters of mercury. Rather, the results dui'ing inhalation of oxygen are expiessed simply in terms of percentage increase over the control galvanometrie readings obtained dluling lreathing of room air. .Measurements were made in duplicate using two electlodes in o(l der to minimize the chance for errol resulting occasionally from inactivation of an electrode bhr extravasated blood at its til.1l In each instance, the results recorded f'om the less actively responding electrode were discar(ledl.
Circulation, Volume II, December, 1950 OXYGEN TENSION OF TISSUES BY POLAROGRAPHIC METHOD Estimations of cutaneous circulation were made by pyrometric measurements of environmental and skin temperature. In all experiments, the patient was kept warm to assure the fast skin circulation which is necessary to make skin oxygen tension approximate that of arterial blood." In all but one patient the skin temperature of the forearm exceeded the environmental temperature by at least 4 degrees Centigrade.
Oxygen for inhalation was administered as 100 per cent oxygen utilizing a demand valve mask when a good facial fit of the mask was obtainable.
INVESTIGATIVE PROCEDURE
The patient was permitted to sit, recline, or lie supine according to his comfort. The loose skin of the forearm was then punctured to approximately two-thirds its thickness by a 25 gage needle to facilitate insertion of an electrode through the resulting hole. The fingertips were submerged in the saline bath that completes the circuit. Galvanometric readings were taken until a satisfactory control level was In most of the patients, analyses of arterial oxygen saturation were made before and during inhalation of 100 per cent oxygen, to provide further control of the study. These values were derived from measurements of oxygen content and capacity of blood specimens obtained anaerobically from the brachial or femoral artery.13 Specimens were analyzed promptly or were kept in ice water for short periods of time before analysis. In most instances a modification of the manometric method of Van Slyke and Neill was used."3 In a few experiments the spectrophotometric method was employed." established. The patient then inhaled oxygen for 15 minutes, after which he resumed the breathing of room air. Readings were taken at approximately two minute intervals before, during, and after oxygen inhalation, and continued until such time as they returned to constant values near the control level. OXYGEN TENSION OF TISSUES BY POLAROGRAPHIC METHOD three categories: (a) 5 in whom no cardiac or pulmonary disease was found, (b) 10 with cardiac disease, and (c) 5 with disease primarily involving the lungs.
No systematic study of entirely normal subjects is included here because it was previously shown that oxygen inhalation produced striking elevations of oxygen tension as measured polarographically in the warm skin of normal individuals."
RESULTS
Measurements of skin oxygen tension during oxygen inhalation showed a sharp difference in response between the controls and the group of patients with right to left shunts. No patient with such a shunt was able to double the preinhalation level of skin oxygen tension at any time during inhalation of oxygen. The greatest rise in this group was a 42 per cent increase with an average rise of 29 per cent. Every patient in the control group, on the other hand, developed levels of skin oxygen tension at least double those of the preinhalation period. The smallest rise in this group was 100 per cent, and the average rise was 314 per cent. The difference between the two groups is so obvious that statistical analysis would be superfluous.
When arterial oxygen saturation was measured before and after oxygen inhalation, all those with right to left shunts failed to become fully saturated, while all those of the control group increased to 100 per cent saturation. These results are shown in detail in tables 1 and 2.
DISCUSSION
The skin oxygen tension of patients with right to left shunts does not increase in a normal fashion during the inhalation of 100 per cent oxygen. The abnormality in response is so marked as to provide another test for use in the recognition of patients with right to left shunts. This test furnishes certain distinct advantages over other methods employed to detect such shunts: in addition to being objective, it is safer, quicker, requires less cooperation by the patient, eliminates arterial or venous punctures, and causes considerably less discomfort. These advantages are particularly desirable since so many of the patients are children requiring study at an age when other procedures are difficult, at best. The children who have been subjected to this test did not seem to be appreciably disturbed and were content to remain still throughout the procedure.
While all right to left shunts in the present study were intracardiac, extracardiac shunts of right to left type would be expected to give similar results. Thus, the method would in no way differentiate between the right to left shunts of congenital cardiac disease and other conditions permitting significant amounts of unaerated blood to reach the peripheral circulation.
Certain technical errors can result in measurements simulating the type of response seen in the presence of right to left shunts. Chief among these is inactivation of an electrode by improper insertion or by a drop of blood at its tip. Throughout the study two electrodes were used simultaneously to reduce the chance for such an error. In later work, more electrodes are being used, and this is to be recommended, particularly when the procedure is carried out by a technician. In place of increasing the number of electrodes, the measurements may be repeated using a different site in either arm. The other potential source of error lies in the improper administration of oxygen by a poorly fitting demand valve mask.
In the present study, all the right to left shunts were known to be of significant degree. Smaller shunts might not be detectable. SUMMARY 1. Polarographic measurements of skin oxygen tension were made during the inhalation of 100 per cent oxygen on patients with proved right to left shunts.
2. The increase in skin oxygen tension of such patients averaged 29 per cent above the preinhalation measurements.
3. This response differed sharply from the significantly greater rise seen in 20 patients without right to left shunts. 4. The method therefore permits detection of right to left shunts of significant degree and 848 presents certain distinct advantages over other methods.
